In the present paper, a fully implicit finite difference method is introduced for the numerical solution of the modified regularized long wave (MRLW) equation. The accuracy of the method is examined by different problems of the MRLW equation. The results and comparisons with analytical and other numerical invariants clearly show that results obtained using the fully implicit finite difference scheme are precise and reliable.
Introduction
The non-linear generalized regularized long wave (GRLW) equation has the form, The equation was first obtained by Peregrine [1] . In this paper, we consider another special case of the generalized regularized long wave (GRLW) In literature, many numerical methods have been proposed and implemented for approximating solution of the MRLW equation. Khalifa et al. [2] solved the MRLW equation by collocation method using cubic B-splines finite element. Adomian decomposition method is applied for the modified regularized long wave equation by Khalifa et al. [3] . The homotopy perturbation method is used to implement the equation by Achouri et al. [4] . Raslan developed a new algorithm based on the collocation method to solve the MRLW equation [5] . Collocation methods using sextic B-splines have been developed for solving numerically the modified regularized long wave equation by Hassan et al. [6] . Raslan et al. [7] used Bspline finite element method to solve the equation. Dereli [8] solved the equation by using the meshless method based on collocation with well-known radial basis functions. Numerical scheme based on quartic B-spline collocation method is designed for the solution of MRLW equation by Haq et al. [9] . Dereli [10] used meshless kernel based method of lines by using radial basis functions for the modified regularized long wave equation. A homotopy analysis method employed to obtain approximate numerical solution of the equation by Khan et al. [11] . Karakoc et al. [12] solved the MRLW equation by a Petrov-Galerkin finite element method. Dag et al. [13] used a collocation method based on an extended cubic B-spline function for the numerical solution of the equation.
On the other hand, the fully implicit finite difference schemes are high-accuracy schemes for the numerical solution of the nonlinear problems. Bahadır employed the fully implicit finite difference method to compute an approximation to the solution of 1D [14] and 2D [15] Burgers' equations. İnan and Bahadır used the method for solving numerically the equal width wave equation [17] .
In this paper, we develop a fully implicit finite difference scheme for solving the MRLW equation. To show efficiency and validity of the algorithm we apply this technique to several test examples and comparisons with the solutions obtained by other methods. This paper is organized in four sections. In Section 2, we introduce the fully implicit finite difference scheme for the MRLW equation. Numerical examples are given in Section 3. Section 4 contains some conclusions.
Fully implicit finite difference method for solving the MRLW equation
The discretization is done by the finite differences with the implicit approach of solutions. Solution domain is discretized into cells described by the nodes set 
Newton's method applied to Eq. (6) results in the following iteration:
is the Jacobian matrix which is evaluated analytically. The solution at the previous time-step is taken as the initial estimate. The Newton's iteration at each time-step is stopped when
The convergence is generally obtained in two or three iterations.
Test Problems and Discussion
In this section, some test problems have been considered to illustrate the performance of the method described in previous section.
The accuracy of the method is measured by using the 2 L and  L norms defined by 
Where u and U represent the exact and approximate solutions, respectively. We also examined our results by calculating the following three conserved quantities corresponding to mass, momentum and energy [16] , respectively [10] . 
To give a clear overview of the methodology the following examples will be discussed.
Motion of single solitary wave
We first model the motion of a single solitary wave of the MRLW equation. The solitary wave analytical solution of the MRLW equation (3) is The analytical values of conservation quantities can be found as [2]  . L and  L error norms are found for these parameters are presented in Table 1 . Table 2 . Figure 1 illustrates the motion of a single solitary wave for this case at different times. It is observed from Figure 1 that the single solitary wave moved to the right with constant amplitude and shape as time increases. 
Interaction of two solitary waves
Secondly, the interaction process of two solitary waves traveling in the same direction is studied by using the initial condition Table 5 . Figure 2 shows the interaction of two solitary waves for these parameters at different time levels. It can be seen from Figure 2 that the larger solitary wave has passed the smaller solitary wave as time increases. Then, two solitary waves regain their original shape after the interaction. 
Interaction of three solitary waves
Thirdly, the interaction process of three solitary waves traveling in the same direction is studied by using the initial condition 
The Maxwellian initial condition
Finally, we use the initial condition 
Conclusion
In this paper, a fully implicit finite difference method has been successfully applied to finding the solution of the MRLW equation. Numerical tests for single solitary wave, interaction of two solitary waves, interaction of three solitary waves and Maxwellian initial condition are considered by the fully implicit finite difference method. The numerical results demonstrate that the present method is quite accurate and readily implemented in the solution of the MRLW equation. 
